
Instabilities
Boundary Layer Meteorology



Laminar Boundary Layer

no-slip

free
troposphere

What is boundary layer depth l?



Flow adjusts to geostrophic within Ekman layer depth δ = (2ν/f)1/2.
G is geostrophic velocity, ν is kinematic viscosity, f is Coriolis parameter.
For typical values of ν and f , δ = 1.7 m!

no slip b.c. at z=0

3-way balance of forces



Turbulent Boundary Layer

What is boundary layer depth l?



Transition to turbulence in a boundary layer



Drag is larger in 
turbulent flow.

Transition to 
turbulence is 
sensitive 
to small 
disturbances.



Why is the boundary layer turbulent?



Hydrodynamic Instability

• An instability exists if a small disturbance 
grows in amplitude.

• Shear Instabilities

• Stratified Shear (Kelvin-Helmholtz) 
Instability

• Convective (Rayleigh-Benard) Instability



Flow behind a cylinder 
at Re <1 to 106

For what Re does the 
flow become turbulent?







Vortex instability: another transition to turbulence



Instability of a Laminar Vortex Ring



Instability 
of a pair 
of trailing 
vortices



Instability of an Axisymmetric Jet



Turbulent
 water jet



Kelvin-Helmholtz instability of stratified shear flow



Kelvin-Helmholtz instability



2D numerical simulation of Kelvin-Helmholtz instability



Stability parameter relationships



Global convective instability



Buoyancy-driven convection rolls



Buoyancy-driven convection rolls



Buoyancy-driven convection rolls



Boundary layer cloud ‘streets’



turbulence is random and unpredictable

Turbulence is random and unpredictable



Range of spatial scales increases with Re



Energy cascade


